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Investigations have been conducted at the Orlando, Fla., laboratory 
to find repellents to protect man against insects and other biting arthro- 
pods. The ideal repellent should be effective against a wide range of 
insects, provide long periods of useful protection, and be nontoxic to man. 
It should not damage or affect plastics, painted or varnished surfaces, 
and fabrics. 


During these investigations more than 9,000 compounds were screened 
asmceneimMcnts, FOr MOsduivOoecs,  Dittine nisies: fleas, tacks. and chiiggers). 
Kinge! reported on the repellency of more than 7,400 of these compounds. 

Only those showing good repellency were studied further. Of these compounds, 
478 were tested to determine their effect on plastics, painted and varnished 
surfaces, and fabrics made of natural and synthetic fibers. MIhndris et are 
summarized the results of tests in 1946 and 1953 on the effect of 380 
repellents on plastics, paints, and fabrics. Those results and the results 
of additional tests in 1956 to determine the effect of repellents of special 
interest on other plastics and on natural and synthetic fabrics are in- 
ecorporated in this report. 


ay) Most of the work was conducted under funds allotted by the 
Department of Defense to the Entomology Research Division. 


e/ King, W. V., compiler. Chemicals evaluated as insecticides 
and repellents at Orlando, Fla. U.S. Dept. Agr. Agr. Handb. 69, 397 pp. 1954. 


3/ Ibndris, Ray W., Gouck, Harry K., and Bowen, C. V. Effect of 
promising insect repellents on plastics and paints. U.S. Dept. Agr. 
IVS S39 2il ido IEDs 


Materials and Methods 


In the 1946 tests four types of plastics were used--Lucite 
(a methacrylate resin), cellulose acetate, Vinylite (a vinyl chloride- 
acetate polymer), and Ameroid (a casein Agere oo The 1953 tests were 
conducted on painted and varnished surfaces, two types of synthetic 
fabrics, and four types of sheet plastics. The tests on painted surfaces 
were made on plywood panels painted with a primer coat and three coats of 
enamel or with three coats of spar varnish. Nylon and viscose rayon were 
used as representative synthetic fabrics, and Plexiglas, Vinylite, 
Plastocele, and polyethylene as representative sheet plastics. The 1956 
tests were conducted with chemicals of special interest to determine their 
action on four natural and seven synthetic fabrics. The natural fabrics 
were cotton, wool, silk, and linen and the synthetics were Acrilan, 
Dacron, Dynel, nylon, Orlon, viscose rayon, and acetate rayon. 


The sheet plastics, enameled and varnished wood, and cloths were 
cut into l-inch squares and placed on test trays. In the 1946 tests one 
drop of repellent was placed in the center of the plastics. After 48 
hours the surface was wiped. clean and the effect of the repellent was 
observed. The slightest effect, such as dulling or softening the surface 
of the plastic, was considered to show an attack on the plastic. In the 
1953 tests two drops of repellent were applied to each type of surface, 
and observations were made after 24 hours and again after 7 days. ‘The 
degree of injury was recorded as slight damage, moderate damage, or severe 
damage (completely spoiled surface). In the 1956 tests each cloth sample 
was treated with one drop of repellent and examined for damage after 30 
days. The damage was determined by (1) inspection under a hand lens for 
visible change, (2) touching the cloth to observe any softening or sticki- 
ness, and (3) pulling it to determine any loss in tensile strength. 


Results 


The effects of the repellents on most of the plastics, paints, and 
fabrics are given in table 1. For the benefit of workers who. are familiar 
with these compounds under their Entomology Research Division code number 
(ENT Nos.), an index to item numbers is given at the end of this report. 


In 1946 only 68 (18 percent) of the 380 promising repellents tested 
as plasticizers produced no visible change in any of the plastics--Lucite, 
cellulose acetate, Vinylite, and Ameroid. Lucite was attacked to some 
extent by 261 compounds (69 percent), cellulose acetate by 126 (33 percent), 
and Vinylite by 251 (66 percent), but only 99 compounds (26 percent) 
affected all three. Ameroid (not included in the table) was affected by 
only three compounds--the isopropyl ester of mandelic acid (ENT-1788), 
lactic acid (ENT-3130), and the formate of lactic acid (ENT-3141). 


u/ Mention of proprietary products does not constitute their en- 
dorsement by the Department of Agriculture. 


=aQe= 


In 1953 the 136 repellents tested all had a moderate to severe 
effect on varnish (not included in the table), and all but two--3,6,8- 
trimethyl-4-nonyne-3,6-diol (ENT-13138) and octyl crotonate (ENT-6057)-- 
affected paint. The former compound affected only varnish and the latter 
only varnish and Vinylite. Three compounds, including ethyl hexanediol 
(ENT-375), had no initial effect on paint and showed only slight damage 
after 7 days. Polyethylene (not included in the table) was affected by 
only two compounds--2-benzyloxy-naphthalene (ENT-945) and 2-isopentyloxy- 
naphthalene (ENT-950)--and only to a slight degree by these. ‘The only 
effect on nylon was staining, which was caused by 14 compounds, as 
indicated by the footnote to table 1. Vinylite was damaged by 107 
compounds (79 percent), Plexiglas by 58 (42 percent), rayon by 55 (40 
percent), and Plastocele by 46 (33 percent). 


In 1956 none of the 26 repellents tested affected the natural 
fabrics--cotton, wool, silk, and linen--nor Acrilan, Dacron, nylon, Orion, 
and viscose rayon. Dynel became soft and sticky after 7 days' exposure 
to N,N-diethyl-m-toluamide (deet) (ENT-20218) and to a crude N,N- 
diethyltoluamide (ENT-22542) containing approximately 70 percent meta 
and 2/7 percent para isomers. Dynel also had a high absorbency for 
o-ethoxy-N, N-diethylbenzamide (ENT-20297) and was weakened by 30 days' 
exposure to this repellent. Hight repellents caused acetate rayon to 
become stiff. 
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Table 2.--Index to item numbers 


Entomology Item Entomology Item Entomology Item 
No No No. No. No No 
ENT- ) ENT- ) ENT- ) 
435 Lye hOL 3078 99 
143 383 1456 95 3130 293 
164, 213 1643 313 3141 295 
165 214 1650 301 3166 294 
168 413 1654 300 3167 298 
170 203 1774 Sie sya, 254 
227 26 1788 318 3253 4.32 
262 391 1789 312 3346 388 
283 390 1881 4 3348 389 
300 209 1910 Mieke) 3358 LOT 
301 210 202k 102 3451 386 
337 308 2062 96 3554 Loh 
338 62 2065 473 Bop> 411 
339 220 2073 259 35ife 459 
S16 206 2075 43h 3775 408 
374 412 2133 148 3916 346 
SUG, 263 218) i 392k 305 
479 an 2219 222 397i 120 
B25) 54 2220 207 4113 108 
558 219 2225 205 4132 345 
295 eof 2250 392 4133 457 
614 2 2252 468 UMS 162 
667 101 2269 68 4201 403 
(pu 470 2280 h69 heoe 315 
De eli 2313 100 4203 316 
(He cally) eer 35 4262 325 
774 216 ehig 393 4o65 Mee) 
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gh5 326 2518 370 4337 212 
950 327 2528 200 4339 290 
1000 344 2531 307 4343 16 
1015 9 2576 38 45 3 180 
1022 37 2 36 4561 hoe 
1023 143 2633 218 4562 hO5 
1029 ep) 2638 417 4629 ort 
1040 202 2674 22 4723 22h 
1123 yyy 2718 375 4783 ela 
1170 3h 2719 Stal 480 OT 
1197 hg 2812 20h, gee 119 
AS YT (Ab eit 2971 458 4923 170 
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Table 2.--Continued. 


Entomology Item Entomology Item Entomology Item 
No No No. No No No 
ENT- ) ENT- ENT- 
4.990 279 5611 156 5918 331 
991 176 5647 168 5926 76 
4999 ILS} 5672 Se 5932 343 
5000 105 5674 234 5939 39 
5002 438 5685 43 596 Sis) 
5003 28 5700 08 5947 30 
5007 56 2 (ue ho 5949 Si3\) 
5023 153 5714 ho D950 147 
5024 191 D(28 186 2955 DD 
5027 196 5756 58 5960 289 
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5079 189 5784 h61 5974 (2 
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55 ilL 150 582k 350 6099 33 
5516 Lh5 5835 60 6103 272 
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5518 5 58h) 64 6109 235 
5519 66 58h6 142 6113 6 
5521 65 5817 335 6133 124 
5522 378 5850 257 6134 123 
DOES) 1 5852 SWS} 6135 363 
550k 15 5853 81 6136 126 
5525 381 5854 86 6138 ie 
DIET 103 DOD i 374 6139 IS} 
5528 13 5863 229 6142 h6 
5533 185 5866 231 6145 362 
5536 232 5868 Wa 6152 85 
5539 228 5876 262 6154 OT 
5540 230 5877 360 6155 290 
55h2 221 5883 59 6166 hh 
5545 178 5889 376 6168 WS 
DDD LT 5903 (i 6169 276 
5560 139 5911 268 6172 yh 
5562 410 5914 39 6201 116 
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5567 136 5917 1h6 6210 278 
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Table 2.--Continued. 


Intomology Item Entomology Item Entomology Item 
No No No. No. No No 
ENT- ENT- ) ENT- 
7409 130 11089 SMT 13189 135 
TH15 26 11159 +76 320i! 132 
TH25 194 11189 385 13208 394 
7430 198 11190 280 13211 361 
7434 4.30 11215 63 14147 48 
THU 160 11231 369 Lyeh9 225 
(p22 267 11281 332 14054. 253 
7558 69 11314 336 15235 10 
7627 98 11559 14.36 15463 387 
7695 396 11634 233 15675 2ge 
7706 a, LIAO 252 16335 439 
7783 60 12000 aLSy 16533 70 
7784. 472 12001 138 16751 6 
7816 397 12013 358 17109 382 
7943 8 12014 269 17401 296 
7949 275 12022 Bal. 18013 USL 
8090 Bi/ 12026 356 18189 478 
8118 359 12030 419 18284 323 
8296 201 12036 78 19083 Syl 
8438 347 12079 226 19165 322 
8439 348 12080 227 20023 104 
8757 299 12089 415 20034 74 
STL 431 12130 106 20127 319 
8906 yy 12136 236 20128 314 
9006 195 12142 255 20145 321 
9047 384 12144 179 20188 127 
9221 223 Beal SI 20216 31 
9524 208 12192 264, 20217 466 
10002 109 12199 aaa. 20218 464 
10003 hho 12218 128 20219 467 
TOO IL "8 13013 286 20221 158 
10031 23 13039 352 2022 320 
10037 15 13058 BBL 2021 Spal 
10515 463 13105 131 20293 398 
10516 27 13108 133 20297 50 
OSI 77 a3 aa: 4.00 20299 7 
10539 341 13138 342 20351 Sul 
10577 79 13179 261 20542 465 
11009 291 13182 129 
11067 310 13186 134 
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